SOX10 immunoexpression is increasingly recognized in salivary gland tumors, including but not limited to those with myoepithelial, serous acinar, and intercalated duct differentiation. However, SOX10 expression has not been extensively evaluated in other epithelial tumors that can mimic salivary origin. Basaloid squamous cell carcinoma (SCC) is a unique variant of SCC that shows morphologic overlap with several salivary tumors, including adenoid cystic carcinoma, basal cell adenocarcinoma, and myoepithelial carcinoma. We performed SOX10 immunohistochemistry on 22 basaloid SCCs and 280 non-basaloid SCCs. If tissue was available, we also performed immunohistochemistry for S100 and p16, and in-situ hybridization for high-risk HPV RNA. SOX10 was positive in 13/22 basaloid SCCs (59%), including 5/6 (83%) that were HPV-positive and 6/12 (50%) that were HPV-negative. Only 2/12 basaloid SCC (17%) demonstrated focal S100 expression. All non-basaloid SCCs were SOX10 negative. Frequent positivity for SOX10 in basaloid SCC presents a significant diagnostic pitfall for distinguishing these tumors from various basaloid salivary carcinomas. The preponderance of SOX10 expression in the basaloid variant of HPV-positive SCC also presents a diagnostic challenge in separating it from HPV-related multiphenotypic sinonasal carcinoma. SOX10 may be more broadly considered a marker of basal differentiation and should not be assumed to be specific for salivary origin in epithelial head and neck tumors.
Background
SOX10 is a transcription factor that that promotes differentiation in neural crest-derived cells and initially found diagnostic use as a sensitive and specific nuclear marker of melanocytic and nerve sheath tumors [1] [2] [3] [4] . More recently, SOX10 expression has also been reported in a broad range of benign and malignant salivary gland neoplasms, including but not limited to those of myoepithelial, serous acinar, and intercalated duct differentiation. To date, acinic cell carcinoma, adenoid cystic carcinoma, basal cell adenocarcinoma, basal cell adenoma, epithelial-myoepithelial carcinoma, low grade intraductal carcinoma, pleomorphic adenoma, secretory carcinoma, and sialoblastoma have all shown SOX10 expression [5] [6] [7] [8] [9] . Given this widespread positivity in salivary neoplasms, it is tempting to regard SOX10 as a marker of salivary origin in epithelial head and neck tumors. However, SOX10 expression has not been comprehensively evaluated in common mimics of salivary carcinoma.
The basaloid variant of squamous cell carcinoma (SCC) is a unique subtype of head and neck SCC that has been recognized in both HPV-negative and HPV-positive tumors [10, 11] . It is defined by hyperchromatic tumor cells with minimal cytoplasm, adenoidal architecture with formation of small pseudoglandular spaces containing myxoid material, and variable stromal hyalinosis or comedo-type necrosis [12] [13] [14] . These features can cause basaloid SCC to be misclassified as one of several basaloid salivary carcinomas, including adenoid cystic carcinoma, basal cell adenocarcinoma, or myoepithelial carcinoma. Historically, minimal reactivity for myoepithelial markers such as S100 and SMA has facilitated the distinction of basaloid SCC from tumors that demonstrate true myoepithelial differentiation [15] [16] [17] [18] [19] . However, we have recently observed several cases where positivity for SOX10 in basaloid SCC created diagnostic confusion. Although SOX10 expression has been reported in just 6% of head and neck SCC overall [7] , distribution of expression across histologic variants has never been documented. This study aims to evaluate the frequency of SOX10 expression in basaloid SCC.
Methods
Twenty-two cases of basaloid SCC occurring in head and neck sites were identified from the surgical pathology archives of The Johns Hopkins Hospital between January 1998 and October 2018. Squamous differentiation was confirmed on the basis of at least focal overt keratinization or associated surface dysplasia in all tumors, while classification as basaloid variant was strictly defined to include not only a high nuclear:cytoplasmic ratio and nuclear hyperchromasia but also peripheral palisading, adenoidal architecture, comedo-pattern necrosis, or stromal hyalinosis [12] [13] [14] . Although cases with basaloid morphology were selected for this study regardless of HPV status, this group excluded non-keratinizing HPV-related SCC that lacked these more specific basaloid features [10, 11] . Sixteen cases were evaluated on whole slide sections, and six were part of previously constructed tissue microarrays that also contained 280 non-basaloid SCC; these included 236 conventional and 44 non-keratinizing SCC [20] .
Immunohistochemistry (IHC) was performed on all cases using a monoclonal antibody for SOX10 (clone N-20; Biocare Medical, Concord, CA). If tissue was available, tumors were also evaluated using IHC for S100 (clone 4C4.9; Ventana Medical Systems, Tucson AZ) and p16 (clone INK4a; Ventana) and mRNA in-situ hybridization (ISH) for 18 high-risk HPV genotypes (Advanced Cell Diagnostics, Hayward, CA). All staining was performed on a Ventana Benchmark XT autostainer according to manufacturers' instructions and in the presence of appropriate controls. Nuclear staining for SOX10 or nuclear and cytoplasmic staining for S100 was defined as diffuse if present in > 50% of tumor cells and focal if present in < 50% of tumor cells. P16 positivity required > 70% of cells with nuclear and cytoplasmic staining and HPV RNA ISH positivity was defined as multiple punctate nuclear and cytoplasmic signals.
Results
The 22 basaloid SCC represented 22 patients, including 18 men and 4 women, with a median age of 60 years (range 38-82). Primary tumor sites included the oropharynx (n = 8), larynx (n = 6), oral cavity (n = 4), hypopharynx (n = 3) and sinonasal tract (n = 1). Staining results are summarized in Table 1 . SOX10 was positive in 13 basaloid SCC (59%), with diffuse staining in 11 cases (Fig. 1) and focal staining in two cases. All cases that showed less than 100% expression of SOX10 lacked a clear biphasic staining pattern, showing either patchy heterogeneous reactivity throughout the tumor or accentuation of staining in the basilar half to two-thirds of the epithelium (Fig. 1) . In contrast, focal S100 positivity was only seen in 2 of 12 cases stained (17%). Of the 18 basaloid SCC tested for HPV, 6 oropharyngeal cases were positive for both p16 IHC and HPV RNA ISH; 5 of these (83%) were also positive for SOX10 (Fig. 2) . The remaining 12 cases were all HPV RNA ISH negative, of which 6 (50%) were positive for SOX10. All non-basaloid SCC were entirely negative for SOX10 (0%), including 236 HPV-negative and 44 HPV-positive tumors. Including both basaloid and nonbasaloid cases, SOX10 was positive in 13 of 302 head and neck SCC (4%).
Conclusions
While SOX10 was originally described as a diagnostic marker of melanocytic and nerve sheath differentiation, it has recently garnered increasing recognition for expression in many salivary neoplasms, including those with myoepithelial, serous acinar, and intercalated duct differentiation [5] [6] [7] [8] [9] . Indeed, the spectrum of salivary tumors that express SOX10 is so broad that it is tempting to regard it as a marker of salivary differentiation in epithelial tumors of the head and neck. However, SOX10 expression has not been extensively evaluated in common mimics of salivary tumors. After observing diagnostic confusion when SOX10 expression was unexpectedly encountered in basaloid SCC, we aimed to evaluate the frequency of this phenomenon. This study demonstrates that 59% of basaloid SCC are also SOX10 positive, compounding its considerable morphologic overlap with certain salivary gland carcinomas. Due to its unique adenoidal architecture, stromal hyalinosis, and comedo-pattern necrosis, basaloid SCC can raise histologic concern for various basaloid salivary neoplasms, including adenoid cystic carcinoma, basal cell adenocarcinoma, or myoepithelial carcinoma [12, 13, 21] . Although negativity for other myoepithelial markers such as S100 or SMA has previously facilitated this distinction, frequent diffuse SOX10 positivity in basaloid SCC presents a significant diagnostic pitfall. Furthermore, while biphasic p63 or p40 reactivity that is restricted to the myoepithelial component of adenoid cystic carcinoma and basal cell adenocarcinoma can help distinguish them from basaloid SCC, SOX10 generally stains both ductal and myoepithelial cells in these mimics [5] [6] [7] [8] , producing a diffuse staining pattern that is identical to that seen in basaloid SCC. As such, the usefulness of SOX10 in differentiating basaloid salivary tumors from SCC is extremely limited.
This study also highlights that SOX10 reactivity is especially common in those basaloid SCC that are also HPVpositive, creating additional potential diagnostic confusion. HPV testing has revealed that basaloid SCC as traditionally defined is a mixed category, comprised of highly aggressive HPV-negative tumors and less aggressive HPV-positive tumors [10, 11] . The frequent SOX10 positivity in the basaloid variant of HPV-related SCC in particular raises concern for additional diagnostic overlap with HPV-related multiphenotypic sinonasal carcinoma (HMSC). HMSC is an unusual HPV-driven tumor that also demonstrates a basaloid appearance and shows both squamous and salivary differentiation; it has been exclusively reported in the sinonasal tract to date [22, 23] . Similar to true salivary gland neoplasms, HMSC is characterized by biphasic cell populations that demonstrate restricted reactivity for most ductal and myoepithelial immunohistochemical markers, but SOX10 positivity has been reported in both components [24] . As such, SOX10 staining cannot be reliably used to distinguish basaloid variant of HPV-related SCC and HMSC. SOX10 staining alone in a basaloid HPV-positive tumor should not be considered sufficient evidence to classify it as HMSC, particularly in the oropharynx where this distinctive tumor type has not yet been documented to occur.
Finally, the frequent positivity for SOX10 in basaloid SCC documented in this study adds to mounting evidence that SOX10 should be more broadly considered a marker of basal differentiation. Of course, the phenotypic spectrum between basal and myoepithelial lineages is well-established in the salivary gland, with SOX10 reactivity noted in tumors thought to recapitulate both cell types [5, 8] . But expression of SOX10 in basaloid SCC suggests that this marker may recognize cells that differentiate toward the basal aspect of the epithelium in other organs. An analogous phenomenon has been documented in the breast, where SOX10 expression has been reported in approximately 60% of basallike breast cancers [6, [25] [26] [27] ; this finding correlates with a gene expression profile that carries parallels to normal myoepithelial cells [28] . Regardless, as understanding of the breadth of SOX10 expression evolves, it should not be considered specific for salivary origin among head and neck epithelial tumors.
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